Background: Transcatheter aortic valve implantation (TAVI) has become a standard therapeutic option for patients with severe aortic stenosis (AS) at high cardiac surgical risk.
INTRODUCTION
Transcatheter aortic valve implantation (TAVI) has evolved from a challenging and hazardous procedure to a minimally invasive, safe, and predictable treatment strategy. It has become a standard treatment for intermediate and high-risk patients with severe AS [1] . Since 2002, when the first TAVI was performed [2] , a large number of studies have proven its clinical utility and low rates of procedure-related complications [3] . Currently, in some countries, the annual rate of TAVIs surpassed the surgical replacement procedure [4] . Even though there are many CE marked devices available, there is still a strong need for further technological improvement and new valve design. In spite of the procedural success, undesirable, adverse events related to the TAVI procedure or TAVI system are still reported in up to 4% of cases [5] [6] [7] [8] [9] [10] . Improvement of technology may have the potential to minimize the complication rate [11] . The NVT Allegra system is a novel self-expanding TAVI device designed to overcome some limitations of the first-generation systems, including malpositioning, paravalvular leakage (PVL), hemodynamic compromise, and necessity for pacemaker implantation. The valve is implanted in a three-step deployment process that ensures accurate final positioning (Fig. 1 ). The first-in-human experience showed a high rate of procedural success, satisfactory hemodynamic results, and clinical symptom improvement [12] .
The purpose of this study was to assess the safety and performance of the novel New Valve Technology (NVT) Allegra self-expanding aortic prosthesis using a transfemoral approach.
The study provides 30-day outcomes in a high-risk patient setting, treated in a wellexperienced TAVI center.
METHODS

Study overview and patient population
NAUTILUS (NVT trAnsfemoral mUlticentric aorTIc valve pivotaL stUdy for Safety and effectiveness) was a single-arm clinical study conducted at 8 centers in 3 countries (Switzerland, Poland, and Brazil), designed to assess the safety and performance of the NVT Allegra TAVI System (NVT, GmbH, Hechingen, Germany).
Herein, is presented the largest single-center experience with the novel NVT Allegra system implanted in 26 patients accepted by the Heart Team to undergo transfemoral transcatheter aortic valve implantation (TF-TAVI). All patients suffered from severe, symptomatic AS and met the NAUTILUS eligibility criteria. The main inclusion criteria were: 1) age ≥ 75 years; 2) symptomatic (New York Heart Association [NYHA] class II or greater) severe degenerative native AS (mean transvalvular pressure gradient > 40 mmHg and/or aortic jet velocity > 4.0 m/s and/or aortic valve area of < 1.0 cm² [or aortic valve area index ≤ 0.6 cm 2 /m 2 ]); 3) high risk for surgical aortic valve replacement with a logistic EuroSCORE ≥ 20%, or documented agreement of the Heart Team that the patient is at high risk for surgery due to frailty and/or coexisting comorbidities.
Amongst others, the protocol defined exclusion criteria comprised: 1) unicuspid or bicuspid valve disease; 2) non-calcified aortic valve disease; 3) mixed valve disease with predominant aortic regurgitation greater than 3+ or with associated severe (greater than 3+) mitral regurgitation; 4) aortic annulus size < 19 mm or > 29 mm; 5) type of femoral access, or any other anatomical conditions that prevented safe placement of an 18 French introducer sheath and manipulation of the TAVI system (e.g. severe femoral-iliac obstructive calcification or tortuosity) [13] .
All patients were followed-up for 30 days. Written informed consent was obtained from each participant. The study was approved by the local ethics committee and the competent authority.
NVT Allegra system and the TAVI implantation protocol
The NVT Allegra transcatheter heart valve ( Fig. 1 ) is a self-expanding device, designed to avoid hemodynamic compromise and to facilitate correct positioning during the subsequent steps of implantation. The valve consists of a nitinol stent frame and bovine pericardium (annular skirt and leaflets). The stent frame has a closed cell, diamond-shaped configuration. The variable cell size distribution allows for better coronary perfusion and easier access for any further percutaneous coronary interventions. Six radiopaque gold markers are incorporated into the stent frame. They indicate the distal part of the semilunar valve to facilitate correct valve positioning. The 12-mm bovine pericardial sealing skirt reduces the risk of significant PVL. The NVT Allegra valve is available in 3 sizes (23, 27 and 31 mm), with a frame height of 37.3, 41.3, and 43.0 mm, respectively, (Table 1) covering aortic annulus diameter sizes from 19 to 29 mm.
The delivery system has an 18 French cartridge and a 15 French catheter shaft. The grip uses a Squeeze-to-Release ® mechanism, which prevents rotation during a stepwisely performed implantation. The prosthesis is released in a three-step deployment mechanism.
The novel implantation technology (PermaFlow ® ; New Valve Technology) facilitates positioning of the Allegra valve and prevents interference with the left ventricular outflow tract. In the first step of the implantation, the middle part of the valve is released, while both ends of the device are still captured (Fig. 2 ). During the second step, the bottom of the valve is released (Fig. 3 ). The operator can assess valve position, patency of the coronaries, hemodynamic functions, and paravalvular regurgitation. The process can be re-started till this step, and the valve can thus be retrieved. In the third step, when the operator confirms the position of the prosthesis, the safety locker is released for final deployment of the NVT Allegra valve.
All procedures were performed via the open transfemoral approach for TAVI (TF-TAVI) under local or general anaesthesia. According to the protocol, pre-dilatation before valve implantation was mandatory.
Data management and statistical analysis
The data for the clinical trial was collected prospectively during hospitalization (baseline and discharge) and after 30 days in an outpatient setting by using a dedicated electronic case report form. Each patient underwent transthoracic echocardiography assessment at least three timesbefore the implantation, after the procedure and/or at discharge and after one month. Hemodynamic prosthesis performance assessment estimation included maximal velocity, mean pressure gradient, effective orifice area, and presence and grade of PVL. Results were presented as numbers of patients (percentages) or means, where applicable. Statistical analysis was performed using STATISTICA 12.0 PL (StatSoft, Krakow, Poland).
RESULTS
Twenty-seven patients were considered eligible for the treatment and signed the informed consent. One patient underwent isolated balloon valvuloplasty of the native aortic valve due to unexpected anatomical conditions; massive, bulky asymmetric calcification.
Therefore, 26 patients underwent attempted implantation of the NVT Allegra valve.
The patient population was elderly with a mean age of 83 years (range, 75-89 years), 70.4% were female, and the mean logistic EuroSCORE was 12.4% (range, 2.8-31.8%).
Patient characteristics and parameters at baseline are presented in Table 2 .
The implantation of a single functioning NVT bioprosthesis in the correct annular position was successfully completed in 25 patients. Due to the dislocation of the prosthesis into the left ventricle, one patient required open-heart aortic valve replacement Flow chart of the study is presented (Fig. 4 ). The dislocation of the valve was caused by the combination of a relatively low degree of calcification of the annulus, and disconnection of the prosthesis from the delivery system.
Most events were considered as expected and documented in the case report form (Table 3) . Two patients could not attend the clinic for a follow-up visit at 30 days and clinical data were collected by the phone. No patient died within the period of 30 days ( Table 4 ).
The echocardiographic assessment immediately after valve implantation and before discharge showed excellent hemodynamic performance, which was maintained at 30 days (Table 5) . At 30 days, the majority (84%) had only mild or less residual aortic regurgitation, while 16% moderate and 0% severe aortic regurgitation was noted ( Table 6 ).
DISCUSSION
This is the largest single-center study of the novel transcatheter self-expanding NVT Allegra bioprosthesis transfemoral system. The main purpose of the NAUTILUS study was to assess safety and performance of the NVT Allegra valve. The new valve had a favorable postdeployment hemodynamic profile, with low post-procedural transvalvular gradients. No cardiac death or cerebrovascular incidents, as well as a very low permanent pacemaker implantation rate was recorded at 30 days. These results suggest that the novel valve has a good safety and efficacy profile and could be used in patients with severe symptomatic AS.
Given the dynamic development of the procedure and different product refinements, the field of transcatheter heart valve systems is currently highly competitive, with a wide spectrum of various CE-marked devices. However, TAVI is still associated with a risk of severe complications, which may occur in up to 5% of procedures [1] . The contemporary TAVI system design should provide easy positioning, and an option to retrieve the device when the position of the valve is compromised. A reduced rate of complications related to the malposition of the prosthesis such as PVL, pacemaker implantation or overlie of coronary ostia is essential for improving long-term results.
In this study, a high rate of procedural success was demonstrated with the Allegra NVT bioprosthesis (96%). One of the greatest advantages of this new system is the ability to reposition and retrieve the device in cases of malposition or a suboptimal result. In the present cohort, the device had to be retrieved in 2 patients. The retrieving maneuvers and second deployment were easily controlled without complications. The Allegra system has features allowing for very precise positioning. The presence of radiopaque markers in the delivery system as well as at the transition between the annular skirt and the bottom of the leaflets, markedly facilitates the procedure by enabling direct and clear visualization of the optimal implantation height and limits of the sealing skirt.
The overall risk of permanent atrio-ventricular conduction disturbances following TAVI procedures varies, but remains around 17% [14] . In comparison to balloon expandable valves, the self-expandable (nitinol-based) TAVI valve prostheses have a slightly higher rate of postprocedural atrio-ventricular conduction block, requiring pacemaker implantation (28%) [15, 16] . In this study, only 8% of patients required pacemaker implantation, and incomparison to other self-expandable valve prostheses, this is a very promising result. This may be related to a high valve implantation facilitated by refined deployment technology and valve design.
The releasing mechanism of the Allegra allows for a stable and stepwise delivery of the valve, which starts to function early in the deployment process, preventing hemodynamic collapse.
Despite the supra-annular design, the Allegra valve has a reduced frame height to facilitate manipulation and deployment. Short TAVI systems with supra-annular construction are advantageous for the percutaneous treatment of degenerated surgical bioprostheses [11, 12] . However, patients with non-native aortic valve stenosis were excluded from the study.
The durability of transcatheter aortic valve bioprostheses still remains unknown. The first TAVI procedures were performed in the early 2000s, and the age and clinical profile of that early group of patients make a clear evaluation of TAVI durability very difficult. Patients with either serious co-morbidities and/or are elderly have restricted prediction of life expectancy. Transferring TAVI to lower-risk, younger patients with longer life expectancy increases the requirements regarding freedom from structural valve deterioration.
Randomized trials in this group of patients are already under way [13] . The novel Allegra system tested in the present study incorporates a feature that aims to improve a long-term bioprosthesis functional life. The upper portion of its nitinol frame, to which the commissures of the valve leaflets are attached, has increased compliance and is able to partially flex, accommodating the forces generated across the cardiac cycle, reducing the mechanical stress on the leaflets. Reduction of the stress on the biological part of the valve (i.e. pericardial leaflets) would result in enhanced valve durability. Obviously, such an effect cannot be evaluated in the 30-day results presented in the current study and requires longer observation periods.
Moderate-aortic regurgitation occurred in 16% of patients at 30 days, which is proportional to other self-expandable-valve-studies [4] . Moreover, it is noteworthy that there was no severe PVL in the present setting. Altogether, it is not possible to rule out whether these events are inherent to valve design or complications that can be minimized as experience with the prosthesis grows and the learning curve levels out. Nevertheless, the results presented are promising, particularly when compared to other TAVI devices in similar clinical scenarios.
Stroke and other cerebrovascular events (CVE) remain common complications following TAVI, ranging between 1.5% and 4% [17] [18] [19] . The incidence of CVEs is highly related to a higher mortality rate and longer hospital stay [19, 20] . In the current subset, not a single procedure was complicated with cerebrovascular incidents in the 30-day follow-up period. Compared to other studies, this is an outstanding result, confirming safety of the procedure and prosthesis itself. It requires further observation, nevertheless, the first month is usually the most vulnerable period for CVE incidence.
Surgical cut-down was used as vascular access in all cases. There were no vascular complications. The valve has good transition and controllability, but estimation of iliofemoral anatomy is crucial in prevention of vascular events.
The Allegra system is intuitive and easy to use. The learning curve regarding the precision of placement of the device is short.
Limitations of the study
The present study has some important shortcomings. It is a single-arm study of relatively small sample size, which per se precludes any in-depth comparison against a control group or detailed analyses related to uncommonly-occurring events. Furthermore, the evaluation was focused on the short-term safety and effectiveness, and no inferences can be drawn regarding long-term outcomes after implantation of the device.
CONCLUSIONS
This prospective study shows a satisfactory safety and performance profile of NVT Allegra bioprosthesis. This novel valve prosthesis has an excellent hemodynamic performance and low rate of pacemaker implantations. The analysis of procedural aspects showed a favorable learning curve related to precision of placement of the prosthesis. Major vascular complication 0 (0%)
Minor vascular complication 0 (0%) Acute myocardial infarction 0 (0%)
Minor bleeding (sheath failure) 1 (4%) Effective orifice area [cm 2 ] 0.63 (0-1) 1.4 (1-2) 1.5 (1-2) Table 6 . The prevalence of paravalvular leakage (PVL) on discharge day and 30-days followup (FU). 
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